BACKGROUND: Hypocalcaemia (HC) is the most common complication after thyroid surgery in differentiated thyroid cancer and leads to a prolongation of the hospital stay. While risk factors for HC after total thyroidectomy (TE) are well investigated, only few studies have been published about HC risk factors after completion of thyroidectomy. Our aim was to identify potential risk factors for HC after completion of TE and to compare these incidences with figures from primary total TE.
Summary
BACKGROUND: Hypocalcaemia (HC) is the most common complication after thyroid surgery in differentiated thyroid cancer and leads to a prolongation of the hospital stay. While risk factors for HC after total thyroidectomy (TE) are well investigated, only few studies have been published about HC risk factors after completion of thyroidectomy. Our aim was to identify potential risk factors for HC after completion of TE and to compare these incidences with figures from primary total TE.
MATERIALS AND METHODS:
A retrospective cohort study was undertaken including patients undergoing completion of TE between 2002 and 2013 in our tertiary care centre. Patients with hypocalcaemia (group 1) after undergoing second surgery were compared to normocalcaemia patients (group 2) with respect to gender, age, type of thyroid cancer, time interval between surgeries, pre/postoperative calcium and parathyroid hormone (PTH) levels, clinical hypocalcaemia signs and calcium substitution (intravenous, oral). Hypocalcaemia was defined as <2.10 mmol/l, hypoparathyroidism as <15pg/ml.
RESULTS: 34 (25 female, 9 male) patients were included. A total of 12 patients (33%) developed a hypocalcaemia (group 1). Three patients out of these also presented with hypoparathyroidism. One patient in each group showed clinical signs of hypocalcaemia. Calcium substitution was necessary in six cases in group 1 and in one case in group 2. There was a significant difference between the groups concerning postoperative PTH (25.1 vs 37.6 pg/ml) and calcium levels (1.87 vs 2.27 mmol/l) (p <0.05). Group comparison shows no significant relationships between all other parameters (age, gender, type of thyroid cancer and duration of interval between surgeries). Logistic regression analysis identified a low preoperative serum calcium level as the only dominant factor indicating postoperative hypocalcaemia.
CONCLUSIONS: A hypocalcaemia rate of 33% (12/34) and a hypoparathyroidism rate of 9% (3/34) after completion of thyroidectomy in our cohort is comparable to primary total thyroidectomy. A low preoperative calcium level is a significant risk factor for postoperative hypocalcaemia after completion of thyroidectomy. The prediction
Introduction
The incidence of differentiated thyroid cancer is estimated to be 1.2-3.8 per 100 000 individuals per year (66% papillary and 27% follicular), which represents 1-2% of all human malignancies [1] . The annual mortality rate is 0.5/ 100 000 both in men and women [1] . About 650 cases per year are diagnosed in Switzerland [2] . Temporary postoperative hypocalcaemia (HC) is the most common complication after total thyroidectomy (TE) with a rate of up to 70% whereas the 0.9% incidence of permanent HC is much lower [3] . After completion of TE one might assume a lower risk for temporary HC since the remaining parathyroid glands should have recovered their function in between the two surgeries. Indeed, a rate of temporary HC of 33% has been published recently [4] . While risk factors for HC after primary total TE have been well investigated and described in the literature (such as thyroid cancer, nodal dissection of level VI, female gender [3] and steep decline of parathyroid hormone (PTH) levels [5] ), only few studies have been published concerning HC and HC risk factors after completion TE [6, 7] . Completion of thyroidectomy is necessary once a malignancy is detected on final histology exceeding the size of a microcarcinoma in one thyroid lobe according to the guidelines of Swiss society of head and neck surgery [8] . Subsequent irradiation using radioactive iodine ablation is only possible following total thyroidectomy. Clinical symptoms of HC can vary from mild paraesthesia along the fingers up to severe hypocalcaemic tetany [9] accompanied by the typical "obstetrician's hand" or even laryngospasm [10] . Postoperative management of HC (serum calcium and PTH measurements, calcium substitution oral or IV) is important in order to prevent or treat the patient's symptoms and shorten the hospital stay [11] . Our aim was to investigate patients undergoing completion of TE with respect to their HC rate and to identify potential risk factors for HC to improve perioperative management. Additionally, a comparison of perioperative PTH and cal-cium course values as well as HC rates after primary total thyroidectomy from our department [12] was performed.
Materials and methods
A retrospective study was undertaken including all patients from our ENT statistics database (www.innoforce.ch) undergoing completion of thyroidectomy (TE) between 2002 and 2013 in our tertiary care centre. The indication for completion hemithyroidectomy of the contralateral side was the unexpected histological finding of a differentiated thyroid cancer (pT1b and higher classification) after first surgery according to the guidelines of Swiss society of head and neck surgery [8] . All surgeries were performed by the same (senior) surgeon (W.M.). The patients' data extracted were allocated to two groups: Group 1 developed a hypocalcaemia after second surgery while group 2 was normocalcaemic at any time. These two groups were compared to each other with respect to gender, age, type of thyroid cancer, time interval between the two surgeries, preand postoperative PTH and calcium levels along with clinical hypocalcaemia signs and calcium substitution treatment. Based on the thresholds of our hospital laboratory [13] , hypocalcaemia was defined as <2.10 mmol/l on the first postoperative day, and hypoparathyroidism as <15pg/ ml. Predictive Analytics Software (PASW) version 18.0 was used for statistical analysis performing Mann-Whitney U-Test for nonparametric data and the Chi-Square test for frequency data, both for group comparison where appropriate. In addition, binary logistic regression analysis was used to investigate the effects of time-interval from first to second surgery, as well as PTH and calcium level preoperative on the development of HC. Finally, Pearson correlation analysis was done to test for relationships between pre-and postoperative PTH level in both groups. Statistical significance was set at p <0.05.
Results
As shown in table 1, no significant difference was found between the two groups with respect to gender, age and type of thyroid cancer (papillary/follicular cancer). Comparing the time between the two surgeries, no significant differences were found, although the time gap in group 2 was on average 6 days longer. Significant differences between groups were found regarding the postoperative PTH (p = 0.031) and calcium levels (p <0.001) after the second surgery. The values for PTH and serum calcium were on average 33 and 31% lower in the hypocalcaemia group than in the normocalcaemia group. The average postoperative PTH decline after second surgery was 32.6% in the HC group and therefore higher than the 14.4% in the normocalcaemia group. There was a higher rate of steep PTH decline defined as ≥50% of the preoperative value in the HC group (p-value not applicable). In both groups, there was only one patient with clinical HC signs. Oral calcium substitution was necessary in four cases and IV substitution in two cases in the HC group, whereas there was only one patient with oral substitution and no IV substitution in the NC group. The remaining six patients from the HC group were asymptomatic with borderline serum calcium levels and/or normal PTH levels, and consequently did not receive calcium substitution. In both groups, there were two patients undergoing a selective neck dissection (ND) level II-IV and VI (p-value not applicable).
One patient with hypocalcaemia (HC group) underwent an autoimplantation of one parathyroid gland, which had to be removed owing to extensive scar formation following the initial surgery eight days before. This patient had normal preoperative PTH and calcium levels. No postoperative hypoparathyroidism, steep PTH decline or clinical HC signs occurred although his calcium values had dropped to 1.82 mmol/l 24 hours after surgery. We therefore assume that the remaining parathyroid glands were able to maintain his PTH level. Another patient from the HC group had Neck dissection level II-IV, VI 2 (16%) 2 (9%) NA PTH = parathyroid hormone; Ca = calcium; HC = hypocalcaemia; Ø PTH decline pre/post OP2 = average PTH decline after second surgery compared to preoperative value; NA = statistical analysis in subgroup not applicable due small numbers Results are presented as frequency (%) or mean ± SD and the corresponding two-sided p-value of the group comparison ‡ p-value <0.05 is considered as a significant group difference * 1 patient in HC-group had 1 parathyroid autoimplantation. 2 patients in HC-group had 1 parathyroidgland resection during first surgery due to tumour-infiltration and parathyroid-adenoma respectively.
resection of one parathyroid gland during first surgery due to carcinoma infiltration. This patient also developed a hypoparathyroidism (without steep decline) and oral calcium substitution was necessary. The time interval between the surgeries was two days. One other patient underwent removal of one parathyroid gland due to simultaneous parathyroid adenoma during initial surgery. Although the second surgery was performed 52 days later, the patient presented a normal preoperative PTH level and revealed a temporary postoperative hypoparathyroidism with steep PTH decline. The remaining 3 parathyroid glands were preserved at the two surgeries.
There is no significant difference between hypocalcaemia rate (33% vs. 43%, p-value 0.381) comparing our cohort (n = 34) with patients from our own department undergoing primary total thyroidectomy (n = 353) due to thyroid cancer or goitre [12] . Logistic regression analysis (table 2) shows that hypocalcaemic patients (<2.10 mmol/l) before second surgery were at a significantly higher risk of postoperative hypocalcaemia (p <0.05). All other parameters (time interval between the two surgeries, PTH and calcium level before second surgery) could not be identified as significant risk factors for hypocalcaemia after second surgery. 
Discussion
Thyroid surgeries belong to the most frequently performed surgeries by both ENT surgeons and general or endocrine surgeons in Switzerland (3022 surgeries in 2013 [14] ) and worldwide. The most common indications for thyroidectomy are goitre (uni/bilateral) [15] , Grave's disease [16] , toxic nodules [17] and differentiated thyroid cancer (DTC) [18] . Total thyroidectomy is the choice for treatment of DTC for carcinoma larger than 1cm (pT1b and higher classification) [18] . Although patients undergoing revision surgery are at higher risk for hypoparathyroidism [19] , completion thyroidectomy is indicated even in small thyroid cancer with multifocality since this histological finding is a predictive factor for the presence of additional cancer on the contralateral side [20] . Thanks to improvement of operation techniques over recent decades such as implementation of intraoperative neuromonitoring with an excellent specificity and negative predictive value for early laryngeal nerve (RLN) palsy [21] , thyroid surgery complications such as RLN palsy and major bleeding could be minimised [22] . The use of energised vessel sealing systems (Harmonic ® , Ligasure ™ ) reveal a reduction of operation time and blood loss but do not have any impact on postoperative hypocalcaemia or RLN palsy [23] . In our centre, the Harmonic® ultrasound scalpel has been routinely used in all thyroid surgeries since 2009. Minimally invasive video-assisted thyroidectomy (MIVAT) as an alternative approach may be beneficial regarding the location and size of the scar and causes less postoperative pain, but has no impact on postoperative hypocalcaemia [24] . Robotic thyroidectomy with transaxillary/axillo-breast approach is controversial and there are no benefits concerning postoperative hypocalcaemia and RLN palsy. The operation time is also significantly longer [25] . Despite many existing studies about risk factors and management of postoperative hypocalcaemia after total thyroidectomy, no standardised and universally accepted algorithm could be established so far. It should be mentioned that hypocalcaemia in clinical studies is not homogenously defined from clinical HC symptoms [3] up to the laboratory definition of ≤2.0 mmol/l [26] , which makes a comparison between studies quite difficult. Recent studies on postoperative hypocalcaemia pinpoint multifactorial causes and only a combination of factors may roughly predict hypocalcaemia occurrence [27] . Temporary hypocalcaemia after total thyroidectomy still remains the most common complication [3, 27] . Well-established risk factors for postoperative HC after total thyroidectomy are thyroid cancer, nodal dissection level VI, female gender [3] and steep decline of PTH level [5] . Our results show a significant difference between the two groups with respect to postoperative PTH and calcium levels as well as postoperative calcium substitution (both oral and IV). This means that the cut-offs (PTH <15 pg/ml, calcium <2.10 mmol/l) based on the thresholds from our laboratory [13] are well chosen, allowing good comparison between both groups. The overall hypocalcaemia rate was 33% (12/34) and the hypoparathyroidism rate 9% (3/34) . No hypoparathyroidism occurred in the normocalcaemic group. A noticeable fact is that, in the HC group, one patient underwent a parathyroid autoimplantation and two patients had one parathyroid gland removed at initial surgery for different reasons (tumour infiltration, parathyroid adenoma). Both factors are predictors for transient hypocalcaemia [28, 29] . Although there is a significant correlation between preand postoperative PTH levels in the normocalcaemia group, this finding could not be confirmed in the hypocalcaemia group. Therefore, routine measurement of preoperative PTH level appears not to be helpful, especially considering the laboratory costs (approximately 30 Swiss francs in our hospital). Investigating pre-and postoperative calcium levels, there were no correlations in either group. Our logistic regression analysis could identify preoperative existence of hypocalcaemia (calcium level <2.10 mmol/l) as a significant risk factor for postoperative hypocalcaemia after second surgery. No other risk factors (time interval between surgery, PTH level preoperative) could be identified. A surgeon-dependent outcome can be ruled out since all surgeries were performed by a single high-volume surgeon (senior author W.M.) Gulcelik et al. [4] describe a comparable transient hypocalcaemia rate of 20.7% and a permanent hypocalcaemia rate of 4.4% after completion of thyroidectomy (n = 159). Erdem et al. [6] found no significant difference between permanent hypoparathyroidism after completion (n = 141) and primary total thyroidectomy (n = 92) with a rate of only 4.2% and 4.3% respectively. Vaiman et al. [30] found a permanent hypocalcaemia rate of 5.9% after completion of thyroidectomy (n = 2238) compared to 3.5% after primary total thyroidectomy. However, the authors did not mention why patients underwent staged surgeries after near-total thyroidectomy for multinodular goitre. It appears that their study did not involve completion of thyroidectomy for malignancy as is the case in our study. There is no significant difference between HC rate after primary total thyroidectomy (n = 353) in our own department (Bähler et al. 2016 ) [12] compared to completion of thyroidectomy (43% vs 33%). Edafe et al. [31] describe in their meta-analysis including 115 studies a transient hypocalcaemia rate after total thyroidectomy of 27% and a permanent hypocalcaemia rate of 1% (table 3) . Completion of thyroidectomy seems to have the same risk profile as for primary total thyroidectomy concerning [32] . Since routine calcium and calcitriol supplementation and the role of vitamin D on postoperative hypocalcaemia after primary total thyroidectomy are controversial [33] [34] [35] [36] , no such recommendations for completion thyroidectomy can be given at the present time.
The exact prediction of hypocalcaemia still remains difficult since it has multifactorial causes [27] . To the best of our knowledge, the present study is the first investigating not only perioperative calcium levels but also PTH level courses after completion of thyroidectomy. Considering the fact that all surgeries were performed by a single high-volume surgeon, our findings after completion of thyroidectomy show a similar hypocalcaemia and hypoparathyroidism rate of 33 and 9%, respectively, as described in the literature, and comparable hypocalcaemia rates after primary total thyroidectomy. Our study may be limited by the sample size, which consequently has an impact on its statistical significance. Nevertheless, patients undergoing completion of hemithyroidectomy are in a relatively special constellation with rather surprising histological findings after first surgery. This is also why only 34 patients could be identified between 2002 and 2013 in our tertiary care centre that performs over 300 thyroid surgeries per year. Considering these limitations, further multicentre (and therefore multi-surgeon) studies with higher sample sizes need to be done to investigate hypocalcaemia after completion of thyroidectomy. It is self-evident that a prospective study is not feasible when investigating this group of patients.
Conclusion
Our findings after completion of thyroidectomy show a similar hypocalcaemia and hypoparathyroidism rate as described in the literature, and comparable hypocalcaemia rates after primary total thyroidectomy. Thus completion of thyroidectomy is a safe procedure for the management of differentiated thyroid cancer. The identification of patients at risk remains difficult, since only a preoperative low calcium level could be identified as a specific risk factor for postoperative hypocalcaemia. Prophylactic and therapeutic management may be quite similar to the recommendations in primary total thyroidectomies. Still, further studies are needed to investigate hypocalcaemia and its risk factors after completion of thyroidectomy.
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